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Introduction
============

Intrahepatic cholestasis of pregnancy (obstetric cholestasis) is characterised by pruritus, otherwise unexplained deranged liver enzyme levels, and elevated levels of serum bile acid.[@ref1] The itching typically subsides almost immediately after delivery and the serum bile acid and liver enzyme levels normalise within a few weeks.[@ref2] Intrahepatic cholestasis of pregnancy usually presents in the late second and third trimester[@ref3] although it has been reported as early as 6-10 weeks' gestation.[@ref4]

Intrahepatic cholestasis of pregnancy affects about 0.7% of pregnancies in the United Kingdom, varying by ethnic group,[@ref5] and usually runs a relatively benign course. The condition is associated with increased rates of spontaneous preterm labour, antepartum passage of meconium, and asphyxial events, but its relation to perinatal mortality is uncertain; early studies reported an increased risk of stillbirth, but some recent studies have cast doubt on the magnitude of the increased risk.[@ref1] Interpretation has been complicated by lack of consistency in diagnostic criteria, the impact of drug treatment and elective delivery, and more general reductions in perinatal mortality from improved obstetric care.

Many obstetricians in the United Kingdom[@ref6] and worldwide[@ref7] treat intrahepatic cholestasis of pregnancy with ursodeoxycholic acid to reduce itching and hepatic impairment, although these outcomes have not been proved in a large trial and neither has fetal benefit or safety been tested adequately. The Royal College of Obstetricians and Gynaecologists' guidelines in use at the start of our trial stated that "There are insufficient data to support the widespread use of ursodeoxycholic acid outside of clinical trials. Women should be aware of the lack of robust data concerning improvement in pruritus, protection against stillbirth and safety to the fetus or neonate."[@ref8] In the absence of any other drug treatment, however, ursodeoxycholic acid seems to be the favoured drug of choice; many pregnant women are treated each year in the United Kingdom[@ref6] and the drug is used worldwide for this condition.

Elective delivery around 37-38 weeks' gestation is also widely practised on the assumption that it might pre-empt stillbirths.[@ref9] The current literature on fetal death in relation to intrahepatic cholestasis of pregnancy is based on case reports, small case series, and a larger series retrospectively recruited through a patient organisation[@ref10] that indicated that most fetal deaths occurred at later gestations (≥34 weeks). Timed delivery, when the obstetrician believes that the risks of early delivery are less than those of awaiting labour, has been evaluated by randomised trials in many other maternal-fetal conditions, including growth restriction,[@ref11] [@ref12] pre-eclampsia,[@ref13] and preterm[@ref14] and term[@ref15] rupture of membranes but never in intrahepatic cholestasis of pregnancy. Despite this, 88% of maternity units in the United Kingdom practise induction of labour at 37-38 weeks in women with intrahepatic cholestasis of pregnancy.[@ref6] Possible benefits to the baby of early term delivery before 38 weeks' gestation (a reduction in adverse perinatal outcomes such as asphyxial events or stillbirth associated with intrahepatic cholestasis of pregnancy beyond 38 weeks) need to be balanced against the potential harms (an increase in respiratory morbidity[@ref16] or longer term indices such as special education needs[@ref17] and measures of general health, hospital admissions, and longstanding illness[@ref18]). The Royal College of Obstetricians and Gynaecologists guidelines concluded that "Obstetricians should be aware that there are insufficient data to support or refute the popular practice of 'early' (37 weeks of gestation) induction of labour aimed at reducing late stillbirth."[@ref8] The United States lacks a specific guideline on timing of delivery in women with intrahepatic cholestasis of pregnancy.

Both interventions (ursodeoxycholic acid versus placebo and early term delivery versus expectant management) need to be evaluated in an adequately powered randomised controlled trial, preferably based on an appropriate perinatal outcome to assess fetal benefit or harm. As some obstetricians routinely used ursodeoxycholic acid and early term delivery to treat women with pruritus and raised alanine transaminase levels (but normal bile acids levels), we included this group at the clinicians' discretion. We were, however, uncertain whether obstetricians would be willing to recruit women to such a trial or if the women (across the spectrum of disease severity) would want to participate. It was also unclear whether participants randomised to early or delayed delivery would comply with the trial allocation. Given the uncertainty in the literature over adverse fetal outcomes in intrahepatic cholestasis of pregnancy, we had no adequate contemporaneous data for severe perinatal morbidity and mortality on which to base a power calculation and needed these to plan the main trial with sufficient robustness. We therefore planned a semifactorial trial, testing both interventions in two stages: an initial phase where we would measure recruitment rate (in total, and related to disease severity), acceptability of randomisation among potential participants offered trial entry, adherence with each treatment arm, and completeness of outcome data. Recruitment would continue from the initial phase of the trial without unblinding of the randomisation code and with all participants contributing to the final outcome data. Towards the end of the first phase of the trial, we unsuccessfully sought funding for the second definitive phase. The trial steering committee decided to prepare a new statistical analysis plan before unblinding the participants and to report the new prespecified outcomes.

At this time, with recruitment closed and data still blinded, we hypothesised that in women with intrahepatic cholestasis of pregnancy, treatment with ursodeoxycholic acid would reduce pruritus, improve biochemical variables of disease (serum bile acid and alanine transaminase levels), and reduce adverse perinatal outcomes. We also hypothesised that early term delivery at 37-38 weeks' gestation would not increase the incidence of caesarean sections.

Methods
=======

We undertook a semifactorial randomised controlled trial of two interventions in women with intrahepatic cholestasis of pregnancy at nine maternity units in the United Kingdom. The trial began in two centres in October 2008 and the remainder joined in over the following year as regulatory approvals were obtained. Women were eligible if they had confirmed intrahepatic cholestasis of pregnancy (itching in pregnancy with other causes excluded, in association with a serum bile acid level greater than the upper limit of normal for that unit's laboratory) or if they had pruritus with raised alanine transaminase levels (\>100 IU/L) and were between 24+0 and 40+6 weeks pregnant for the ursodeoxycholic acid comparison or between 34+1 and 37+6 weeks with a singleton pregnancy for the timing of delivery comparison. We excluded women who were aged less than 18 years; had laboratory confirmed hepatitis A or hepatitis B, pre-eclampsia, primary hepatic disorders, known α-1 antitrypsin deficiency, or current drugs causing deranged liver enzymes; were known to have a lethal fetal anomaly; had an allergy to any component of the ursodeoxycholic acid or placebo capsules; or were unable to give informed consent. Women with concurrent hepatitis C or cholelithiasis, or both, were eligible. Women with a multiple pregnancy were eligible only for the ursodeoxycholic acid comparison as most participating clinicians indicated that such women should normally be delivered at 38 weeks' gestation.

Recruitment and randomisation
-----------------------------

Clinicians and midwives approached women attending the antenatal clinic, the antenatal day assessment units, or the antenatal ward about participating in the study. A member of the research team confirmed eligibility, gave the women detailed verbal information and an information sheet and invited them to take part. The usual hospital interpreter and translator services were available. The participants provided written, dated informed consent, and the women's consultant obstetricians and general practitioners were informed of their participation.

A member of the research team confirmed participant eligibility and entered an agreed minimum amount of pre-randomisation registration data on a secure internet based data form about the participant before randomisation, including the results of routine biochemical blood tests. Randomisation occurred through the Nottingham Clinical Trials Unit using a web based database and randomisation system. The random allocation sequence for each comparison was generated by using a specific function (-ralloc-) in Stata (StataCorp, College Station, TX) software within the clinical unit using randomly varying block sizes of two, four, and six. The random allocation sequence was not revealed until all data outcomes had been collected and the statistical analysis plan registered. Randomisation was stratified by the gestation at recruitment for the ursodeoxycholic acid comparison and by trial centre for both comparisons. Randomisation for both comparisons within the trial was in a 1 to 1 allocation ratio. Women who were eligible for both were permitted to participate in either or both factorial comparisons. Those who participated in the drug comparison before 34 weeks' gestation were not allowed to join the timed delivery comparison until 34 weeks, so for that group, randomisation to the two treatment comparisons occurred at different times. Allocation occurred centrally at the clinical unit using a web based database.

On randomisation, the clinical unit's internet trial system issued a unique participant identification number and the participant was randomised to one or both trials according to eligibility. Sequentially numbered containers were sent to the clinical trial's pharmacist at each centre at the start of the trial and all packs kept in the pharmacy until distribution to the participant. After randomisation to the ursodeoxycholic acid or placebo comparison, an online prescription form was generated for printing. The participant collected the trial drug or placebo from the hospital pharmacy once the local trial's pharmacist had selected the pack with the appropriate number. The investigator, pharmacist, and trial participant were blind to group allocation.

For the timing of delivery comparison, the investigator and participant could not be blinded to the treatment group and appropriate arrangements were made for induction or elective delivery or expectant management as allocated. Obstetricians were permitted to induce participants in the expectant management group from 40+0 weeks' gestation, or as clinical needs dictated. Other than the trial randomisation, women were managed in accordance with each unit's guideline for intrahepatic cholestasis of pregnancy, with frequency of blood testing and fetal monitoring determined by the local clinicians. All centres were aware of the Royal College of Obstetricians and Gynaecologists' guidelines for management of obstetric cholestasis.[@ref8]

Follow-up
---------

After randomisation, a member of the research team saw participants weekly at the time of their routine clinical visit. The participant was asked about adherence to treatment, use of other drugs, and adverse events, and completed the visual analogue scale for itching. Results of routinely collected biochemical tests were recorded. Participants were seen six weeks after delivery. All maternal and perinatal outcomes were collected by review of postnatal case notes, with adjudication where necessary by the trial management group.

Participants were able to withdraw from the trial at either their own request or the discretion of the treating clinician. If a participant's clinical condition deteriorated (for example, worsening of itch, increasing bile acid levels), the clinician could decide to stop the trial drug and give ursodeoxycholic acid, or deliver the woman if indicated, without breaking the treatment code.

Interventions
-------------

Women in the first comparison were randomised to ursodeoxycholic acid (250 mg dose; Ursofalk, Dr Falk Pharma, Buckinghamshire), or to placebo capsules (Dr Falk Pharma) identical in appearance and taste to the study drug (white, opaque, hard gelatin capsule). The placebo contained lactose monohydrate and magnesium stearate. All capsules were packaged and labelled to provide blinded treatment packs in the production unit of the pharmacy department, Nottingham University Hospitals NHS Trust. Supplies were packed in an approved container and tagged with a single panel label. The participant's name, randomisation number, and date of dispensing were added to the label as part of the dispensing process. All women received two capsules twice a day and if there was no clinical improvement (itching) or biochemical improvement (serum bile acids or alanine transaminase levels) the dose was increased in increments of two capsules per day every 3-14 days up to a maximum of 2 g/day.

Women in the second comparison were randomised to early term delivery (induction or delivery started between 37+0 and 37+6) or to expectant management (where spontaneous labour was awaited or caesarean delivery undertaken according to normal obstetric guidelines, usually after 39 weeks' gestation). By consensus, obstetricians could arrange delivery in the latter group from 40+0 weeks' gestation.

Outcomes
--------

Once the decision not to fund the main trial was known, a full statistical analysis plan was prepared with prespecified primary and secondary outcome measures; this was uploaded onto the trials website, with the date of amendment logged. No data were unblinded before this time. For the ursodeoxycholic acid comparison, the primary outcome was itch in the mother, measured as the arithmetic mean of all post-randomisation measures of worst itch in the previous 24 hours assessed on a visual analogue scale. To avoid over-interpretation of our results, we carried out two online surveys ([www.surveymonkey.com](http://www.surveymonkey.com/)) before unblinding of the trial to determine what reduction in score on the visual analogue scale would be a clinically meaningful difference among clinicians involved in treating women with intrahepatic cholestasis of pregnancy and among women who had previously experienced the condition (full questions given in supplementary appendix 1). Women and clinicians were informed that the mean baseline itch score on the visual analogue scale was 60 mm (by analysis of blinded data) and were offered a choice of answers.

For the timing of delivery comparison, the primary outcome was caesarean section. It is widely believed that induction in general increases the rate of caesarean sections, although recent trials of timing of delivery at term have shown no significant effect.[@ref12] [@ref13]

Secondary outcome measures for the ursodeoxycholic acid comparison were prespecified as maternal outcomes and perinatal outcomes. Maternal outcomes were average itch in past 24 hours (visual analogue scale); levels of total bile acids, alanine transaminase, and aspartate transaminase; mode of onset of labour; mode of delivery; indication for delivery; and blood loss at delivery. Perinatal outcomes were gestation at delivery, baby outcome, birth weight, presence of meconium stained amniotic fluid, arterial cord pH, venous cord pH, Apgar score at five minutes, congenital anomalies, admission to a neonatal unit (including duration), need for ventilation (including duration), convulsions, and jaundice. For the timing of delivery comparison, we chose the same secondary maternal and perinatal outcomes.

The outcome measures previously specified at the start of this initial phase of the trial were designed to measure the feasibility of the second phase---namely, recruitment to the two interventions (total recruitment rate per 1000 deliveries per annum and total recruitment rate per eligible women), recruitment rates related to disease severity, acceptability of randomisation among potential participants offered trial entry, adherence with each treatment arm, and completeness of outcome data.

Parallel audit
--------------

All centres undertook an audit in parallel with the trial from the start of recruitment until 1 April 2010 (when the initial target of 90 women had been recruited). They identified all pregnant women with raised bile acid levels (in collaboration with each hospital's chemical pathology laboratory) and undertook postnatal case note review to ascertain whether a diagnosis of intrahepatic cholestasis of pregnancy had been confirmed, what treatment had been given, and whether the participation in the trial had been offered. The number of deliveries per centre per month during the audit period was obtained.

Sample size
-----------

For the planned factorial trial, we estimated that a provisional sample size would be 1498 women (749 per group). This would give 80% power, α 0.05, to show a reduction in the primary composite endpoint (fetal death or severe morbidity) from 6% to 3%. However, detailed power calculations were not possible without an accurate estimate of the event rate and the clinical spectrum of likely recruits to such a trial. The target sample size of the initial phase was determined to be about 90 participants to allow reasonably precise estimates of the variables for the main trial.

After the decision to analyse the initial phase alone and before unblinding, we undertook a sample size calculation based on our new primary outcome measure of maternal itch score with the clinically meaningful difference as determined. This confirmed that the study as carried out had over 99.9% power to detect a difference of 30 mm (with a standard deviation of 26 mm across both arms and a correlation between baseline and follow-up measurements).

Statistical analysis
--------------------

Trial analysis followed the intention to treat principle, with women and infants analysed according to the original randomised allocation, irrespective of adherence and crossovers. For repeated measurements over time (severity of itch and biochemistry), we used the average (arithmetic or geometric mean) during the intervention period.[@ref19] In all analyses, regression methods were used and adjustment made for stratification variables (gestation at recruitment for ursodeoxycholic acid trial only, and study centre for both trials) and for potential confounders (baseline bile acid levels, and others where the imbalance was substantial).

For the analysis of perinatal outcomes we treated all infants (singletons or twins) equally. To allow for multiple pregnancy, we adjusted standard errors for clustering by mother using the Huber-White sandwich estimator, and multiplicity included as a covariate.[@ref20] Mode of delivery was expressed as a perinatal outcome owing to the inclusion of twin pregnancies in which the mode of delivery may be different for one twin.

For continuous outcomes (such as visual analogue scale measurement and biochemical results) covariates included the baseline measurement.[@ref21] Because of the spread and distribution of values we based the analysis of biochemical markers on logged values. The treatment effect was presented as a concentration ratio (the ratio between treatment groups of the geometric mean concentration post-randomisation). We estimated risk ratios and risk differences for yes or no outcomes; we used binary regression with a log-link (for risk ratios) and a linear link (for risk differences). Time to delivery was treated as partially censored data and analysed using Cox's proportional hazards. For the ursodeoxycholic acid comparison, censoring was at delivery (if after 37 weeks) for pregnancies randomised to the early term delivery arm of the other trial and undergoing induction of labour or caesarean section owing to trial allocation (rather than maternal or fetal compromise or the request of the mother or obstetrician); and otherwise at 40 weeks. For the timing of delivery comparison, censoring was at 40 weeks in all cases.

For subgroup analyses, the principal subgroup was level of bile acids at baseline (continuous and in three categories: normal with raised alanine transaminase levels (bile acids 14 µmol/L, alanine transaminase \>100 U/L), mild (bile acids 15-40 µmol/L), and severe (bile acids \>40 µmol/L). We used interaction tests to determine whether apparent differences in treatment effect between groups could be interpreted as real (not due to chance only), and hence to indentify subgroups that might or might not benefit from randomised treatment.

Analyses were done in the statistical package Stata version 11.1 or later (StataCorp, College Station, TX).

Ethical approval
----------------

The protocol[@ref22] was published at the start of the trial. The updated statistical analysis plan was uploaded onto the trials website before unblinding of the data and incorporated into the revised protocol. The trial is reported in accordance with the consolidated standards of reporting trials guidelines.

Results
=======

The trial took place in nine UK maternity units, with a staggered start date for each centre (the first centre started recruitment in October 2008 and all centres finished recruitment in December 2010; follow-up was completed by 1 March 2011). The trial was stopped when funding application for the second stage of the trial, powered on a composite perinatal endpoint, was unsuccessful.

Women were approached and invited to participate in one or both comparisons, depending on their eligibility criteria and inclination. Overall, 111 women participated in the ursodeoxycholic acid comparison; at randomisation 28 (25%) had severe disease (bile acid levels \>40 µmol/L), 71 (64%) mild disease (≤40 µmol/L), and 12 (11%) normal bile acid levels with raised alanine transaminase levels. Baseline characteristics of the women (table 1[](#tbl1){ref-type="table"}) in both arms of the ursodeoxycholic acid trial were mainly similar (not formally tested), except for notable chance imbalances in the number of twin pregnancies (4/56 *v* 9/55) and the mean visual analogue scale score for worst episode of itch over the preceding 24 hours (70.9 mm *v* 59.7 mm) between the ursodeoxycholic acid and placebo arms, respectively. Sixty two women participated in the timing of delivery comparison; 13 (21%) had severe disease, 38 (61%) mild disease, and 11 (18%) normal bile acid levels with raised alanine transaminase levels. Women in both arms of the timing of delivery trial had similar baseline characteristics. Women participated in one or both trials (fig 1[](#fig1){ref-type="fig"}).

![**Fig 1** Participation of 125 women in each comparison in semifactorial trial](chal002160.f1_default){#fig1}

###### 

 Maternal personal and biochemical characteristics at randomisation. Values are numbers (percentages) unless stated otherwise

  Characteristics                                       Ursodeoxycholic acid group (n=56)   Placebo group (n=55)   Early term delivery group (n=30)   Expectant management group (n=32)
  ----------------------------------------------------- ----------------------------------- ---------------------- ---------------------------------- -----------------------------------
  Mean (SD) gestational age (weeks)                     34.0 (3.1)                          34.4 (2.9)             35.3 (2.6)                         35.3 (1.8)
  Mean (SD) age (years)                                 30.2 (6.0)                          29.5 (5.3)             28.8 (6.2)                         29.2 (5.5)
  Ethnic group:                                                                                                                                       
   White                                                41 (73)                             45 (82)                25 (83)                            25 (78)
   Black                                                5 (9)                               3 (5)                  2 (7)                              4 (13)
   Asian                                                7 (13)                              6 (11)                 2 (7)                              3 (9)
   Other                                                3 (5)                               1 (2)                  1 (3)                              0 (0)
  Previous pregnancies ≥24 weeks:                                                                                                                     
   0                                                    23 (41)                             25 (45)                12 (40)                            14 (44)
   1                                                    17 (30)                             19 (35)                12 (40)                            9 (28)
   ≥2                                                   16 (29)                             11 (20)                6 (20)                             9 (28)
  Previous pregnancies \<24 weeks:                                                                                                                    
   0                                                    36 (64)                             31 (56)                16 (53)                            24 (75)
   1                                                    10 (18)                             18 (33)                9 (30)                             6 (19)
   ≥2                                                   10 (18)                             6 (11)                 5 (17)                             2 (5)
  History of intrahepatic cholestasis of pregnancy      18/33 (55)                          14/30 (47)             10/18 (56)                         9/18 (50)
  History of liver disease                              2 (4)                               2 (4)                  2 (7)                              1 (3)
  Twin pregnancy                                        4 (7)                               9 (16)                 0 (0)                              1 (3)
  Biochemistry at enrolment:                                                                                                                          
   Median (IQR) bile acid (µmol/L)                      26.9 (18.0-39.5)                    25.0 (17.0-40.6)       24.0 (15.0-36.0)                   24.0 (17.5-37.8)
   Median (IQR) ALT (U/L)                               113.0 (55.0-183.0)                  75.0 (36.0-125.0)      107.0 (50.0-159.0)                 102.5 (36.0-174.0)
   Median (IQR) AST (U/L)                               70.0 (49.0-130.0)                   49.5 (33.5-83.5)       62.0 (49.0-74.0)                   47.5 (18.0-140.0)
   Median (IQR) GGT (U/L)                               24.0 (18.0-32.0)                    26.0 (15.0-36.0)       23.5 (15.0-31.0)                   25.0 (18.0-32.0)
   Median (IQR) bilirubin (µmol/L))                     9.0 (7.0-12.0)                      9.0 (6.0-11.0)         9.5 (7.0-13.0)                     9.0 (7.0-13.0)
  Severity of disease (bile acid levels):                                                                                                             
   Severe\*                                             14 (25)                             14 (25)                6 (20)                             7 (22)
   Mild†                                                35 (63)                             36 (66)                18 (60)                            20 (62)
   Raised ALT levels only‡                              7 (12)                              5 (9)                  6 (20)                             5 (16)
  Maternal itching score (mm on VAS):                                                                                                                 
   Mean (SD) worst episode of itch over past 24 hours   70.9 (20.7)                         59.7 (22.3)            61.8 (25.0)                        58.1 (27.4)
   Mean (SD) average itch over past 24 hours            47.4 (22.3)                         47.1 (26.0)            43.7 (27.6)                        43.6 (22.8)

IQR=interquartile range; ALT=alanine transaminase; AST=aspartate transaminase; GGT=γ**-**transferase; VAS=visual analogue scale.

\*Bile acid levels \>40 µmol/L.

†Bile acid levels greater than upper limit of normal ≤40 µmol/L.

‡Normal bile acid levels with raised alanine transaminase levels (\>100 U/L).

The audit that was carried out in parallel from the trial start date in each centre until 1 April 2010 identified all women who had bile acid levels measured during their pregnancy within that period. Subsequent case note review indicated the reasons for non-participation in the trials (figures 2[](#fig2){ref-type="fig"} and 3[](#fig3){ref-type="fig"}). Outcome data were obtained on all participants in the trial.

![**Fig 2** Flow of women in ursodeoxycholic acid and placebo arms](chal002160.f2_default){#fig2}

![**Fig 3** Flow of women in early term delivery and expectant management arms](chal002160.f3_default){#fig3}

Ursodeoxycholic acid trial
--------------------------

During the audit period 73/325 (22%) women who were eligible for the ursodeoxycholic acid trial were recruited; of those who did not participate, most of the women or clinicians had already decided on treatment (fig 2). Women expressed a preference both for and against treatment with ursodeoxycholic acid, with some declining the randomisation process.

Self reported adherence (assessed at weekly follow-up visits with the trial midwives) showed that a high proportion of women said that they had taken the tablets; in the ursodeoxycholic acid arm, women reported that they had taken more than 90% of the tablets at 93% of the follow-up visits, 50-90% of the tablets at 5% of the visits, and less than 50% of the tablets at 2% of the visits. For the placebo arm, the respective figures for self reported adherence were 92%, 4%, and 4%.

A survey of 100 clinicians indicated that they considered that a 30 mm (95% confidence interval 15 to 50 mm) improvement in the visual analogue scale score (from a baseline score of 60 mm) would be a clinically important difference, as did the 100 women surveyed (median 30 mm, 10 to 60 mm). (See supplementary figure.)

Compared with the placebo group, women randomised to ursodeoxycholic acid who had not delivered one week post-randomisation reported a 16 mm (95% confidence interval 6 to 27 mm) improvement in the visual analogue scale score for worst itch over the preceding 24 hours across duration of treatment. This was significant (P=0.003), but neither the mean change nor the 95% confidence intervals reached the clinically important difference prespecified by the clinicians and women.

Overall, 32% (14/44) of women randomised to ursodeoxycholic acid experienced a reduction in worst itch of at least 30 mm compared with 16% (6/37) of those randomised to placebo: (difference 16%, 95% confidence interval −3 to 34, P=0.11). This difference would represent a number needed to treat of 6, but it just failed to reach significance. The number of women who would need to be treated (NNT) for one woman to achieve a 20 mm reduction in visual analogue scale score was 4 (95% confidence interval 2 to 21), based on 52% (23/44) of those randomised to ursodeoxycholic acid and 27% (10/37) of women in the placebo arm experiencing at least a 20 mm reduction (difference 25%, 95% confidence interval 5% to 46%, P=0.021).

Figure 4[](#fig4){ref-type="fig"} shows the results of the a priori analysis by subgroup; the difference in visual analogue scale score between ursodeoxycholic acid and placebo groups in women with severe disease was −19.8 mm (95% confidence interval −37.8 to −1.8 mm, P=0.003), with mild disease was −17.9 mm (−31.7 to −4.0 mm, P=0.01), and with normal bile acid levels and raised alanine transaminase levels was 3.51 mm (−65.04 to 72.06 mm, P=0.91). Formal testing using multiple regression with interaction terms showed no evidence of interaction between severity of disease and randomised treatment on treatment effect for worst episode of itch.

![**Fig 4** Effect of ursodeoxycholic acid on mean worst episode of itch over past 24 hours (mm on visual analogue scale). ALT=alanine transaminase](chal002160.f4_default){#fig4}

Women randomised to ursodeoxycholic acid had a significant reduction in alanine transaminase, γ-glutamyltransferase, and bilirubin levels (median values post-randomisation and before delivery) but not in bile acid levels (table 2[](#tbl2){ref-type="table"}). Babies born to women taking ursodeoxycholic acid were significantly less likely to have meconium stained amniotic fluid than those born to women taking placebo (relative risk 0.39, 95% confidence interval 0.16 to 0.97). There were no other differences in mode of delivery, birth weight, estimated blood loss, or variables of neonatal morbidity.

###### 

 Maternal and perinatal outcomes for ursodeoxycholic acid versus placebo comparison. Values are numbers (percentages) unless stated otherwise

  Outcomes                                                         Ursodeoxycholic acid group   Placebo group       Effect of ursodeoxycholic acid (95% CI)   P value
  ---------------------------------------------------------------- ---------------------------- ------------------- ----------------------------------------- ---------
  **Maternal outcomes**                                            n=56                         n=55                                                          
  Mean (SD) worst episode of itch over past 24 hours (mm on VAS)   49.0 (24.8)                  61.9 (27.2)         Difference −16.2 (−26.5 to −5.9)          0.003
  Mean (SD) average itching over past 24 hours (mm on VAS)         32.8 (22.4)                  51.4 (25.4)         Difference −19.2 (−28.7 to −9.7)          \<0.001
  Median (IQR) bile acids (µmol/L)                                 15.6 (7.5-28.9)              19.0 (11.5-31.5)    Ratio 0.81 (0.61 to 1.07)                 0.140
  Median (IQR) ALT (U/L)                                           51.8 (25.2-124.5)            91.0 (35.4-152.7)   Ratio 0.59 (0.45 to 0.79)                 \<0.001
  Median (IQR) AST (U/L)                                           42.6 (22.9-88.8)             58.0 (32.0-95.5)    Ratio 0.74 (0.55 to 1.00)                 0.050
  Median (IQR) GGT (U/L)                                           17.2 (12.0-26.2)             22.7 (13.4-33.0)    Ratio 0.70 (0.62 to 0.80)                 \<0.001
  Median (IQR) bilirubin (µmol/L)                                  7.0 (5.5-9.9)                9.8 (6.0-13.0)      Ratio 0.73 (0.62 to 0.86)                 \<0.001
  Onset of labour:                                                                                                                                            
   Spontaneous                                                     17 (30)                      15 (27)             ---                                       ---
   Induced                                                         29 (52)                      30 (55)             ---                                       ---
   Prelabour caesarean section                                     10 (18)                      10 (18)             ---                                       ---
  Reason for induction or prelabour caesarean section:             (n=39)                       (n=40)                                                        
   Trial allocation                                                10 (26)                      13 (33)             ---                                       ---
   Fetal or maternal compromise                                    6 (16)                       2 (5)               ---                                       ---
   Maternal request                                                10 (26)                      10 (25)             ---                                       ---
   Obstetrician decision                                           24 (62)                      21 (52)             ---                                       ---
  Median (IQR) estimated blood loss (ml):                          425 (300-500)                425 (200-700)       Ratio 1.01 (0.76 to 1.34)                 0.93
   \<500                                                           35                           34                  ---                                       ---
   500-999                                                         26                           24                  ---                                       ---
   ≥1000                                                           3                            2                   ---                                       ---
  **Fetal outcomes**                                               n=60                         n=64                                                          
  Live birth (up to discharge from hospital)                       60 (100)                     64 (100)            ---                                       ---
  Mean (SD) gestational age at delivery (weeks)                    37.6 (1.9)                   36.8 (2.0)          Difference 0.29 (−0.40 to 0.95)           0.38
  Preterm delivery \<37/40 weeks                                   14 (23)                      26 (41)             Risk ratio 0.65 (0.35 to 1.22)            0.18
  Mode of delivery:                                                                                                                                           
   Normal vaginal                                                  30 (50)                      37 (58)             ---                                       ---
   Assisted vaginal                                                9 (15)                       7 (11)              ---                                       ---
   Caesarean section                                               21 (35)                      20 (31)             Risk ratio 1.26 (0.70 to 2.26)            0.20
  Mean (SD) birth weight (g)                                       3093 (541)                   3108 (420)          Difference −15 (−209 to 179)              0.88
  Meconium stained amniotic fluid                                  5 (8)                        13 (20)             Relative risk 0.39 (0.16 to 0.97)         0.04
  Mean (SD)arterial cord pH                                        7.26 (0.07)                  7.28 (0.08)         Difference −0.02 (−0.05 to 0.02)          ---
  Mean (SD) venous cord pH                                         7.31 (0.06)                  7.32 (0.09)         Difference −0.02 (−0.05 to 0.02)          ---
  Apgar score \<7 at 5 minutes                                     3 (5)                        8 (14)              Relative risk 0.42 (0.12 to 1.49)         ---
  Admission to NNU                                                 5 (8)                        11 (17)             Relative risk 0.45 (0.15 to 1.31)         ---
  Mean (SD) duration of admission to NNU (days)                    19.7 (22.4)                  16.3 (20.7)         ---                                       ---
  Need for ventilation                                             3 (5)                        2 (3)               ---                                       ---
  Convulsions                                                      0                            0                   ---                                       ---
  Jaundice                                                         6 (10)                       5 (8)               ---                                       ---

VAS=visual analogue scale; IQR=interquartile range; ALT=alanine transaminase; AST=aspartate transaminase; GGT=γ**-**transferase; NNU=neonatal unit.

\*All comparisons are adjusted for baseline VAS score, severity of disease, twin pregnancy, and randomisation to other comparison where appropriate.

As there seemed to be a potentially important trend towards later delivery in the ursodeoxycholic acid group, an exploratory analysis was undertaken given the imbalance in twins between the groups at randomisation. Gestational age at delivery was not statistically different between the two groups in women with singleton pregnancies; delivery occurred at 37.71 (SD 1.92) weeks in 52 women randomised to ursodeoxycholic acid compared with 37.62 (SD 1.11) weeks in 46 women randomised to placebo (difference 0.09, 95% confidence interval −0.54 to 0.72); preterm delivery before 37 completed weeks' gestation occurred in 19% (10/52) compared with 21% (10/46), respectively (risk ratio 0.99, 95% confidence interval 0.85 to 1.16). Among twins in this trial comparison, gestational age at delivery was 36.54 (SD 1.41) (n=8 twin infants) of those randomised to ursodeoxycholic acid compared with 34.81 (2.44) (n=18 twin infants) randomised to placebo (difference 1.29, −1.08 to 3.65); preterm delivery before 37 completed weeks' gestation occurred in 50% (4/8) compared with 89% (16/18), respectively (risk ratio 0.84, 0.58 to 1.21). These differences were not significant. No stillbirths or neonatal deaths occurred during the trial.

Thirteen (23%) adverse events took place among women randomised to ursodeoxycholic acid compared with 10 (18%) among women randomised to placebo (table 3[](#tbl3){ref-type="table"}). No woman reported more than one adverse event. Most adverse events were mild,[@ref15] with the remainder classified as moderate (eight); none were classed as severe by the site principal investigators. Most adverse events related to gastrointestinal disturbances (nine in ursodeoxycholic acid arm versus five in placebo arm) and the majority were thought not, or unlikely, to be caused by the trial drug (possible causality in four events in ursodeoxycholic acid arm versus two in placebo arm).

###### 

 Adverse events in ursodeoxycholic acid versus placebo comparison

  Variables                 Ursodeoxycholic group (n=56)   Placebo group (n=55)
  ------------------------- ------------------------------ ----------------------
  Symptom:                                                 
   Nausea                   3                              0
   Vomiting                 4                              2
   Loose stools             2                              3
   Headache                 1                              3
   Other                    3\*                            2†
  Total No (%)              13 (23)                        10 (18)
  Severity:                                                
   Mild                     7                              8
   Moderate                 6                              2
  Causality:                                               
   None                     3                              7
   Unlikely                 6                              1
   Possible                 4                              2
  Action taken:                                            
   None                     8                              5
   Dietary advice given     2                              0
   Concomitant drug given   2                              4
   Trial drug stopped       1                              1

\*Pins and needles in tops of arms (n=1), flushing (n=1), epigastric pain (n=1).

†feeling unwell (n=1), rash (n=1).

At the six week postnatal visit, itching scores did not differ across the groups (mean worst episode of itch over the preceding 24 hours 4.0 (SD 10.3) mm on visual analogue scale in ursodeoxycholic acid arm versus 4.3 (12.8) mm in placebo arm; average itch over the preceding 24 hours 1.4 (3.9) mm versus 2.8 (8.8) mm, respectively.

Timing of delivery trial
------------------------

Over the audit period we recruited 39/209 (19%) women eligible for the timing of delivery comparison. Within the audited cases a greater proportion of women were ineligible for the trial as they had a diagnosis of intrahepatic cholestasis of pregnancy after 38 weeks' gestation (fig 3). Women expressed preferences both for and against early term delivery (between 37+0 and 37+6), with most favouring early intervention.

Table 4[](#tbl4){ref-type="table"} shows the maternal and perinatal outcomes. One woman with a twin pregnancy did not want to be automatically induced at 38 weeks' gestation but to be randomised into the trial (against the protocol); she was included in the analysis according to the intention to treat principle. Peripartum and perinatal outcomes are reported for 62 mothers and 63 infants. All women randomised to early term delivery complied with the trial allocation, although one went into spontaneous labour before her induction date. Of those allocated to expectant management, 20/32 (63%) women had intervention before spontaneous onset of labour (or planned delivery if elective caesarean was indicated) for one or more indications, including a change in maternal or fetal condition requiring delivery (7/20, 35%), maternal request (10/20, 50%), and obstetrician decision (14/20, 70%). The gestational age at delivery was −0.6 weeks (95% confidence interval −1.1 to −0.1) earlier in those women allocated to early term delivery. Maternal and fetal outcomes, including caesarean section rate, did not differ significantly between women randomised to early term delivery and those who had expectant management (7/30, 23% *v* 11/32, 33%, respectively; relative risk 0.70, 95% confidence interval 0.31 to 1.57). The risk difference was 10% (95% confidence interval −32% to 12%); for a non-significant result, the NNT is not calculated.

###### 

 Maternal and perinatal outcomes for early term delivery versus expectant management comparison. Values are numbers (percentages) unless stated otherwise

  Outcomes                                            Early term delivery   Expectant management   Effect of early term delivery (95% CI)   P value
  --------------------------------------------------- --------------------- ---------------------- ---------------------------------------- ---------
  **Maternal outcomes**                               n=30                  n=32                                                            
  Onset of labour:                                                                                                                          
   Spontaneous                                        1 (3)                 12 (38)                ---                                      ---
   Induced                                            25 (83)               16 (50)                ---                                      ---
   Prelabour caesarean section                        4 (13)                4 (12)                 ---                                      ---
  Reason for induction/prelabour caesarean section:                                                                                         ---
   Trial allocation                                   29/29 (100)           0/20 (0)               ---                                      ---
   Fetal/maternal compromise                                                7/20 (35)              ---                                      ---
   Maternal request                                                         10/20 (50)             ---                                      ---
   Obstetrician decision                                                    14/20 (70)             ---                                      ---
  Median (IQR) estimated blood loss (ml)              300 (200-500)         400 (200-500)          Ratio 0.93 (0.65 to 1.33)                0.69
  Blood loss (ml):                                                                                                                          
   \<500                                              20                    18                     ---                                      ---
   500-999                                            8                     14                     ---                                      ---
   ≥1000                                              2                     1                      ---                                      ---
  **Fetal outcomes**                                  n=30                  n=33                                                            
  Live birth (up to discharge from hospital)          30 (100)              33 (100)               ---                                      ---
  Mean (SD) gestational age at delivery (weeks)       37.7 (0.5)            38.4 (1.6)             −0.61 (−1.12 to −0.09)                   0.02
  Mode of delivery:                                                                                                                         
   Normal vaginal                                     21 (70)               19 (58)                ---                                      ---
   Assisted vaginal                                   2 (7)                 3 (9)                  ---                                      ---
   Caesarean section                                  7 (23)                11 (33)                Relative risk 0.70 (0.31 to 1.57)        0.38
  Mean (SD) birth weight (g)                          3110 (349)            3151 (489)             Difference −42.0 (−259 to 175)           0.70
  Meconium stained amniotic fluid                     3 (10)                6 (18.2)               Risk ratio 0.71 (0.23 to 2.17)           0.55
  Mean (SD) arterial cord pH                          7.27 (0.07)           7.28 (0.07)            Difference −0.00 (−0.05 to 0.05)         ---
  Mean (SD) venous cord pH                            7.33 (0.07)           7.35 (0.07)            Difference −0.02 (−0.07 to 0.04)         ---
  Apgar score \<7 at 5 mins                           1 (3)                 1 (3)                  Risk ratio1.20 (0.08 to 18.93)           0.90
  Admission to NNU                                    1 (3)                 2 (6)                  Risk ratio 0.54 (0.05 to 5.72)           ---
  Mean (SD) duration of admission to NNU (days)       2                     6.5 (0.7)              ---                                      ---
  Need for ventilation                                0                     1 (3)                  ---                                      ---
  Convulsions                                         0                     0                      ---                                      ---
  Jaundice                                            2 (7)                 0                      ---                                      ---

IQR=interquartile range; NNU=neonatal unit.

No adverse events were reported in the timing of delivery trial.

Comparison with audited population
----------------------------------

Table 5[](#tbl5){ref-type="table"} reports the maternal characteristics and perinatal outcomes of participants and non-participants from the same period to assist in estimating generalisability. For women in the ursodeoxycholic acid comparison, the spectrum of severity of disease was similar in trial and audit groups. A greater proportion of non-participants were induced; case note review indicated that the women or their obstetrician had already decided to choose intervention (either drug treatment or delivery if over 38 weeks' gestation) soon after diagnosis of intrahepatic cholestasis of pregnancy. One stillbirth occurred among the non-participants in the audited population in a woman with coexisting insulin dependent gestational diabetes who had a prelabour intrauterine death at 36 weeks' gestation; she had been offered trial participation and declined. In this case the maximal observed levels for serum bile acids and alanine transaminase were 20 µmol/L and 10 IU/L, respectively. For women in the timing of delivery comparison, fewer among the trial participants had severe disease compared with the non-participants (31% *v* 53%, respectively); case note review indicated that most non-participants or their obstetricians had already decided to choose delivery.

###### 

 Maternal and perinatal characteristics of trial participants and non-participants who had intrahepatic cholestasis of pregnancy during audit period (start of trial in each centre to 1 April 2010). Values are numbers (percentages) unless stated otherwise

  Characteristics                                       Ursodeoxycholic acid *v* placebo\*   Early term delivery *v* expectant management†                      
  ----------------------------------------------------- ------------------------------------ ----------------------------------------------- ------------------ ------------------
  **Maternal characteristics**                          n=73                                 n=258                                           n=39               n=175
  Twin pregnancy                                        9 (12)                               22 (9)                                          0                  0
  Median (IQR) first raised bile acid level (µmol/L):   29 (19-42)                           26 (18-42)                                      26 (20-38)         27 (18-45)
   Median (IQR) gestation (weeks) at measurement        34.4 (32.4-35.9)                     35.7 (33.0-37.9)                                35.4 (34.3-36.7)   34.6 (32.3-36.3)
  Median (IQR) peak raised bile acid level (µmol/L):    37 (24-66)                           35 (21-61)                                      32 (24-43)         43 (23-71)
   Median (IQR) gestation (weeks) at measurement        35.3 (33.9-36.9)                     36.5 (34.8-38.0)                                36.1 (35.1-37.3)   35.5 (34.1-36.9)
  Peak bile acid level in pregnancy:                                                                                                                            
   ≤40 µmol/L                                           40 (55)                              141 (55)                                        26 (69)            83 (47)
   \>40 µmol/L                                          33 (45)                              117 (45)                                        12 (31)            92 (53)
  Onset of labour:                                                                                                                                              
   Spontaneous                                          25 (34)                              44 (17)                                         9 (23)             28 (16)
   Induced                                              37 (51)                              163 (63)                                        27 (69)            117 (67)
   Prelabour caesarean section                          11 (15)                              39 (15)                                         3 (8)              25 (15)
   No details given                                     0                                    13 (5)                                          0                  5 (3)
  **Perinatal outcomes**                                n=82                                 n=280                                           n=39               n=175
  Live birth:                                           82 (100)                             279 (99.6)                                      39 (100)           175 (100)
   Mean (SD) gestation at delivery (weeks)              37.3 (1.9)                           37.9 (1.6)                                      38.3 (1.3)         37.8 (1.1)
   Caesarean section                                    20 (24)                              75 (29)                                         9 (23)             42 (24)
   Mean (SD) birth weight (g)                           2897 (567)                           3033 (499)                                      3102 (447)         3101 (417)
   Meconium stained amniotic fluid                      14 (17)                              25 (10)                                         5 (13)             12 (7)
   Admission to NNU                                     11 (13)                              16 (6)                                          1 (3)              6 (3)

IQR=interquartile range; NNU=neonatal unit.

\*Of 276 women who did not participate in the ursodeoxycholic versus placebo comparison, results are presented for 258 who could have been eligible (excluding 15 women who did not meet inclusion criteria and three who presented in labour).

†Of 310 women who did not participate in the early delivery versus expectant management comparison, results are presented for 175 who could have been eligible (excluding 26 who had already delivered and 109 who did not meet inclusion criteria).

Overall, 45 775 deliveries occurred across all nine maternity units over the 101 months of recruitment. During this period, 73 of 325 eligible women were recruited for the ursodeoxycholic acid comparison (22%), equating to a recruitment rate of 1.6 per 1000 deliveries. For the timing of delivery trial, 39 of 209 eligible women were recruited (19%), a recruitment rate of 0.85 per 1000 deliveries per annum. These figures indicate that if half of the maternity units in the United Kingdom participated in such a study (contributing 400 000 deliveries per year), we would recruit about 636 women per year to the ursodeoxycholic acid comparison and about 340 women per year to the timing of delivery comparison, assuming comparable recruitment rates as seen in our study.

Discussion
==========

Ursodeoxycholic acid reduces pruritus significantly in pregnant women with intrahepatic cholestasis of pregnancy, but the size of the benefit may be too small for most doctors to recommend it or for most women to want to take it. Individual women are, however, likely to differ in whether they consider the benefit to be worthwhile. This is the first trial to report a quantified reduction in itching as a prespecified primary outcome across all women with intrahepatic cholestasis of pregnancy. Our main results allow us to exclude both a mean reduction in itch of 30 mm and one of 0 mm (no improvement) with 95% confidence. Increasing the sample size would give greater precision, but would be unlikely to alter this conclusion.

Early term delivery in women with intrahepatic cholestasis of pregnancy is not associated with an increase in incidence of caesarean section, but the numbers are too small to exclude a possible rise. The trial has also shown that recruitment is feasible for women across the spectrum of disease severity in a range of different types of hospitals from the United Kingdom, and that self reported adherence within the drug and placebo comparison and completeness of outcome data are high, so a large trial comparing ursodeoxycholic acid with placebo is feasible. Participants, or their obstetricians, were less likely to comply with trial allocation in the expectant management arm of the timing of delivery comparison, although this is obscured by possible obstetric indications for delivery.

Strengths and weaknesses of the study
-------------------------------------

This is the largest trial of ursodeoxycholic acid compared with placebo in women with intrahepatic cholestasis of pregnancy and the first timing of delivery trial in this group of women. The trial was double blind where feasible, the primary outcome was prespecified, and the participants were largely representative of women with intrahepatic cholestasis of pregnancy. As the study was carried out in nine maternity units of varying types (teaching and non-teaching hospitals, inner city and district hospital), sizes, and location, the results are likely to be generalisable to maternity units in the United Kingdom and to other similar populations. We are confident in the conclusion that ursodeoxycholic acid reduces pruritus, although having predetermined a clinically meaningful difference by survey of clinicians and women, our data indicate that many would not regard the size of effect as worthwhile.

It is a further strength of our study that we did an audit in parallel to determine whether participants were representative of women with intrahepatic cholestasis of pregnancy and to enable more detailed understanding of reasons for non-participation. The results show that although a substantial proportion of women and clinicians had strong views on their treatment (both requesting and declining intervention), many women were willing to be randomised.

The numbers recruited in this initial phase of the trial also limits the precision of our estimates of treatment effects on all other endpoints. The confidence intervals around the estimate of the effect of early term delivery on caesarean section are such that we cannot rule out a clinically meaningful increase. In addition the chance imbalance in twin pregnancies between the two arms of the ursodeoxycholic acid comparison made interpretation of endpoints related to prematurity more difficult, as the relation between multiple pregnancy and premature delivery is strong. We would recommend stratification by singleton and multiple pregnancy in any future trial.

Strengths and weaknesses in relation to other studies
-----------------------------------------------------

The latest Cochrane review, updated in 2001,[@ref23] included three trials[@ref24] [@ref25] [@ref26] comparing ursodeoxycholic acid with placebo and involving a total of 56 women. No statistically significant benefits on pruritus or fetal outcomes were shown. Since then a further trial randomised 130 women with a diagnosis of intrahepatic cholestasis of pregnancy to placebo (n=47), ursodeoxycholic acid (n=47), or dexamethasone (n=36).[@ref27] One further small trial of ursodeoxycholic acid versus glucose, vitamin C, and inosine in 68 women was reported from China, but the limited information given on trial conduct, methodology, and definitions makes it difficult to draw robust conclusions.[@ref28] An updated Cochrane systematic review on interventions for treating intrahepatic cholestasis of pregnancy has been submitted by our group.[@ref29]

For maternal itch, assessed either through a categorical 0-4 scale or on a visual analogue 0-100 mm scale, three trials seemed to show a reduction[@ref24] [@ref25] [@ref28] and two showed no difference.[@ref26] [@ref27] One of the latter reported a secondary subgroup analysis by disease severity, with a significant reduction in pruritus score in women with severe disease,[@ref27] although no numerical data were given. The four smaller trials[@ref24] [@ref25] [@ref26] [@ref28] reported improvement in maternal serum bile acid levels, whereas the largest did not (except in the subgroup with serum bile acids levels \>40 µmol/L).[@ref27] Adverse fetal outcomes were reported in four of the trials but were subjectively assessed (described as fetal distress) or reported (defined only as operative delivery due to asphyxia). The two trials that reported meconium staining of the amniotic fluid produced conflicting results, with one showing no significant difference with ursodeoxycholic acid and the other reporting a reduction from 35% to 12% with treatment.[@ref27] [@ref28] In our trial, the reduction from 20% to 8% in the ursodeoxycholic acid treated group was significant; a larger trial is needed to confirm or refute these important findings.

No other randomised controlled trials have studied timing of delivery in intrahepatic cholestasis of pregnancy, although two trials of early delivery in other conditions of moderately increased fetal risk have shown similar results. The HYPITAT (Hypertension and Pre-eclampsia Intervention Trial At Term) group investigated early delivery for gestational hypertension and pre-eclampsia and found improved maternal outcomes with no effect on caesarean section or adverse perinatal outcomes.[@ref13] The DIGITAT (Disproportionate Intrauterine Growth Intervention Trial At Term) group investigated early delivery for intrauterine growth restriction at term and also showed no difference in composite adverse neonatal outcome or caesarean sections.[@ref12] A recent case-control study of 64 women with intrahepatic cholestasis of pregnancy induced as part of active management, 64 parity matched controls, and 64 gestation matched controls showed comparable incidences of instrumental delivery and caesarean sections.[@ref30] As our study also shows no increase in the incidence of caesarean sections, it remains uncertain whether clinicians will interpret this as support for early term delivery or will await definitive evidence of maternal and fetal benefit or harm before continuing with this policy.

Meaning of the study
--------------------

The mechanism behind bile acid mediated adverse events and possible amelioration by ursodeoxycholic acid remains poorly understood. Post-mortem reports typically describe infants with normal growth and signs of acute anoxia without uteroplacental insufficiency.[@ref31] Meconium stained amniotic fluid is often reported in fetal deaths related to intrahepatic cholestasis of pregnancy. Histological reports of placentas from affected women show non-specific morphological changes, including increased syncytial knot formation and villous oedema, consistent with hypoxia.[@ref32] [@ref33] [@ref34] These changes are also seen in a rodent model of intrahepatic cholestasis of pregnancy and are reversed after ursodeoxycholic acid treatment.[@ref35] Similarly, human placental explants cultured with ursodeoxycholic acid do not develop syncytial knots in the presence of bile acids.[@ref36] It has been proposed that raised fetal bile acid levels in affected pregnancies result in fetal arrhythmia and subsequent anoxia or fetal death.[@ref37] This hypothesis is supported by in vitro studies of rodent and human cardiomyocytes[@ref38] [@ref39] [@ref40] and by a study showing fetal atrial arrhythmia in intrahepatic cholestasis of pregnancy.[@ref41] Of relevance to this study, culture of cardiomyocytes with ursodeoxycholic acid prevented bile acid induced arrhythmias.[@ref40] [@ref42] The influence of ursodeoxycholic acid on fetal arrhythmia has not been studied in vivo in women with intrahepatic cholestasis of pregnancy. Administering bile acid causes dose dependent increases in contractility of rat myometrium[@ref43] and when administered to pregnant sheep causes increased rates of preterm labour and meconium stained amniotic fluid.[@ref44] No studies have been done on the influence of ursodeoxycholic acid on these models of intrahepatic cholestasis of pregnancy related preterm labour. Increased rates of neonatal respiratory distress have been reported in the infants of women with intrahepatic cholestasis of pregnancy.[@ref45] This may be related to bile acid mediated inhibition of phospholipase A2 and associated lack of surfactant.[@ref46]

Although these studies have provided indirect evidence that raised maternal bile acid levels (and possibly associated increases in fetal bile acid levels) are implicated in the adverse fetal events of intrahepatic cholestasis of pregnancy and that some in vitro studies indicate that ursodeoxycholic acid may reverse bile acid induced adverse fetal events, conclusive evidence of fetal benefit and lack of harm remains elusive.

Unanswered questions and future research
----------------------------------------

Definitive evidence for fetal benefit with both interventions is still lacking. Women and clinicians are willing to participate in both trials, and participants have the same spectrum of disease severity as non-participants, so trial event rates estimated from population studies will apply. We estimate that involvement of about half of the maternity units in the United Kingdom would recruit 636 participants per year to a trial of the ursodeoxycholic acid comparison and 340 per year to a trial of the timing of delivery comparison. Using a reasonable population estimate of 11% for a primary composite endpoint of perinatal death or morbidity for women randomised to the ursodeoxycholic acid comparison, a trial with reasonable power to detect a plausible effect size can be designed. It may have to be run internationally, but we believe it is a priority.

The rate of a similar composite fetal endpoint for the timed delivery comparison would be lower, since by definition participants have already reached 37 weeks. Given this, and the lower recruitment rate, a trial to test the hypothesis that early term delivery reduces fetal morbidity would need to be both larger and more expensive. Since timed delivery is such a generic intervention, and there is some evidence from other trials that induction does not increase the incidence of caesarean section, obstetricians and funders may decide that a trial to test this intervention properly is not a priority. Some obstetricians and women will reasonably decide to implement early term delivery, at least in women with the highest bile acid levels, without a trial.

Conclusions
-----------

Ursodeoxycholic acid significantly reduces maternal pruritus in women with intrahepatic cholestasis of pregnancy. However, the size of effect is small, so some women and clinicians may question whether the degree of benefit is clinically meaningful, particularly for a drug that is unlicensed in pregnancy. Others, perhaps those with the most severe itch, may want to take the drug, since this study has proved that it does have some effect. The significant reduction in meconium stained amniotic fluid seen in our study, similar to the results of one other trial, raises the prospect that ursodeoxycholic acid may confer fetal benefits and therefore is reassuring for fetal safety. However, the overall risks and benefits of ursodeoxycholic acid to the fetus require evaluation in a larger trial, which we believe is feasible. In women with intrahepatic cholestasis of pregnancy, early term delivery at 37-38 weeks' gestation did not increase the incidence of caesarean section. A larger trial to evaluate this question further may not be realistic.

### What is already known on this topic

1.  Intrahepatic cholestasis of pregnancy is associated with increased rates of spontaneous preterm labour and fetal asphyxial events

2.  Ursodeoxycholic acid and early term delivery are widely used for affected women but the benefits and risks are uncertain

### What this study adds

1.  Ursodeoxycholic acid reduces pruritus significantly in pregnant women, but the size of the benefit is small

2.  Early term delivery does not seem to be associated with increased incidence of caesarean section

3.  It is feasible to recruit women with intrahepatic cholestasis of pregnancy to a large trial of ursodeoxycholic acid to determine fetal benefits or risks
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